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ABSTRACT

This <thesis exrands the concept of Coaputer-Aided
Design/Computer-iAided Manufacturing (CAD/CAN) in naval ship-
building to include maintenance. This irnclusion is coupled
vith <the integraticn of the da3sign and manufacturing
processes in the acronya CIDMN, vhich stands for
Computer-Integrated Design, Manufactura and Maintenance.

A methodology is proposed to identify and mnmeasure the
tangible and intangible benefits derived f£from CAD/CAN in
naval shipbuilding. The methodology is f£lexible enough to
be applied to future CIDNM systeas. A decision-aid for
assessing <the intangiblse benefits and a structure for
coaputing the time benefits are proposed in the methcdology.
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I. LBIRODUCTION

This <thesis presents a aethodology to apalyze the
benefits derived from present Computer-Aided
Design/Computer~-Aided Manufacturiny (CAD/CAM) Systeas or
froa future Computer Integrated Design, Manufacture and
Maintenance (CIDMNM) Systeas. It vas developed in resporuse
to a requirement to document the actual benefits Jderived
from the 1Intaria CAD/CAM Systeas being used at <the eight
U.S. naval shipyards. The methodology provides a vehicle to
measure the tangible benefits such as tinme, material and
sanpower savings and the intangible benefits such as
gquality, vorker satisfaction and readiness. The underlying
motivaticn for examining this technology is the interest in
improving productivity wvheare possible. We will begin by
examining productivity in the United Staies.

A. PRODUCTIVITY IN THE U.S.

Productivity and productivity msasurement are topics of
great concern in the U0.S. today. PFormer Deputy Secretary of
Defense, Paul W. Thayer, states: (Ref. 1: pp. 3]

"Iaproving productivity is ons of the most formidable
challenges fac ng America and the Defense Departament
ig fécts_ our econoaic v g and cur
It al secur tz After a rude avaken n n t e interna-
onal markatpla e. we can no on ger be coaplacent about

3 continued gro uctive su erio ty of the United States.
as our techfiological 1 orshgg is challenged across a
road range of processes and products.

Agerica still has the nost hzghlg skilled and talented
work force in the world an ve mdinta he highest level
of output per wor ke of a country in she "v3rigs ‘°Eat
:eccnt t‘f has been a isturbing decline in the rate
g uct ty owth. he Departaent of Defense has a
sgo nto n revers ng that trend. particularly as
ects eve og ng and building complex sophisticated
veapon systeas to meet national security objectives.

10
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With € anding coanitments hut ltlit d resdurces,  the
Defense De rtaent must improve . zy to susiazn Y
strong ds errent force and nazntain degree of

read ness.

Clearly, improving prcductivity in DOD is important. Orne of
the areas hardest hit by this productivity decline, and an
area with substantial impact on sustaining a "strong deter-
rent force® and saintaining a "high degree of readiness® is
shipbuilding and repair. It is estimated that "productivity
in the best Japanese and Scandinavian yards is of the czder
of 100 percent better than in good U.S. or U.K. shipyards”
{Ref. 2). Although this statement refers to amerchant and
not naval ccastructicn, a 2:1 edge in productivity is indi-
cative cf the U.S. shipyards lack of use of <+he
state-of-the-art technology.

B PRODUCTIVITY IN U.S. NAVAL SHIPBUILDIXNG

Exanining U0.S. naval <shipbuilding and repair cannot
really Le done separately from gJeneral shipbuilding aad
repair as the two are closely related. "A lov level of Navy
orders in the past was normally offset by a bigh 1level of
commercial crders and vice versa®™ (Ref. 3: pp. 12]. The
currect economic climate and foreign competition has reduced
commercial crders to a point wvher2 naval ship construction
and repair will predominate for some tinme. This predomi-
nance creates productivity problems for the shipbuilders who
have to shift ¢to a very different type of construction.
While the fundamental naval architecture ard wmarine engi-
neering principles are the same, the complexity of design
and construction of naval ships is significantly greater
both frcam a technical and administrative vievwpoint.

A Naval Ship is a totally integrated weapon systea vhere
space, veight and survivability are carefully balanced
factors. A commercial ship, on the other hand, has large

1
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voluases of space, small ctews, and generally simpler equip-
ment, Administratively the Navy requires much more exten-
sive contracts, work monitoring and customer approval *“han
do coamamercial buyers. This means that Navy Ships are much
more expensive and time-consuming to build <than commercial
craft.

The existence of government-owned shipyards further
compounds the problas of having to build ships for tha Navy
which are more expensive and time-consuming. While
government-cwned shipyards deal only with repair, they draw
supplies, equipment and personnel from the same sources as
the private yards. The competition for rescurces betweer
the government-owned shipyards and the private yards
increases the cost of naval coastruction.

The decline in the shipbuilding industry that |is
currently being felt has caused skilled wvorkers tc sesk
employsent in other fields. There has also been a declire
in the industrial support base of vendors who provide ship-
builders with systems and components. These systems and
components account for more <than 50% of a Naval vessel's
cost, and in many cases are currently coming from a single
source. In this case the lack cf competition from suppliers
of critical components increases the cost of naval
conastruction.

This reduction in industrial capacity comes at a partic-
ularly inopportune time as the Navy undertakes a significant
shipbuilding program (see Table I) [Ref. 3: pp. 15]. The
Navy plans ¢to authouize construction of 133 ships between
1983 and 1987 (compare <this to tha 76 ships ordered from
1977 to 1981). Considering the current state of the ship-
building 4industry, this order is going to create socae
probleas. Project this new construction into the fleet a
few years--the governsent-owned shipyards are going to have
a problea in the repair and overhaul of all these ships. I+

12
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TABLE I
Proposed Pive-Year Naval Shipbuilding Plan

NEW CONSTRUCTION NUMBER
ﬁnmis ships
ent PFleet allist c Missile Submarine 6
luc ear rcra t Carrier YN 2
lear §Ck Subnatine Ssu-688) 17
cfisd leells cutie lotly 7
luc ear Guf%og 2: fiZ uzser’(CGN-QZ) 1
Dastrcyer (DD-96 3
Total 50
Ml Qthers
-l 1
BadintoshicBest, i e g
ggf ed Miss 1e rrci G-?L 12
ne Countermeasur s {p cH) 13
Coastal Mine Sveeper Sh HsH-1) 1
Destroyer Tender 2
Fleet Oiler 10) 18
Ocean Su:vei lanco Ship (AGOS) 6
in tiog g E) 4
ng afd Ropair Shig (TARC) 1
lvage éhip (ARS) 2
rast ocmktat Support Ship (AOQE) 4
Total 83
conversion/icquisiticps/Beactivation
t ' S
BEITIAf comer (I gen :
Ocean Surve {TAG L onv& 2
nangg Instr cnt t ig (TAGM) (Conv) 1
tal Ship (nnx 2
Pas iup B ? AKRIX) 4
FBN nesupply 3 'ux) (r M) (C) 1
Total 16

SOURCET UCS. ftl!g!‘i{'ntztﬁst‘ TMIxY
ort on the sgg: s Shipbuilding and Ship Repai*

R.g

ustr76°f the United Stat S. Hash ngton, D.C.
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wvas thaese types of problems <*hat caused the industry to
kegin locking for cheaper, faster and less labor-intensive
vays to build high-quality ships. The technology that seems
to offer the most potential to do those things is CAD/CANM.

C. CURRERT TECHNOLOGY & SHIPBUILDING

CAD/CAM is not new *o the shipyards. The next chapter
will detail its history, but as a previewv relevart to this
discussion, CAD/CAM has been in the shipyards about 10
years. U.S. shipyard usse of CAD/CAM in the mid-seventiss
consisted primarily c¢£f automated two-dimensional drafting
and numerical control (NC) of machining operations.
Unfortunately today, ten Yyears later, CAD/CAM use in the
shipyards is still at about that same level. The project
manager for an extensive survey of CAD/CAM developament in
shiptuilding states "at the present stage of CAD/CAM devel-
opment in shipbuilding, computerization +ends to be waste-
fully fragmented. The design department might have a CAD
system, production a system for analysis, and manufacturing
go>me NC equipment. Nobody's talking to anybody else, the
compute: systeas don't iateract, vhereas they could really
benefit from passing data back and forth via something like
an IGES (International Graphics Bxchaage System) translator®
(Ref. 4: pp. 13]. The coamercial shipyards are behind in
their utilization of present CAD/CAMN technology. Hovever,
the government-cwned shipyards are eoven farther behind.
This will be discussed in the next section.

D. U.S. BAVAL SHIPYARDS & CURRENT IrECHNOLOGY

The Naval shipyards have had CAM, coamprised of numerical
contrcl equipment, for some tinme. Hovever, only recently
has any CAD capability become availabls. The Navy yards
vere able tc acquire the Computervision CADDS 4 Designer Vv

14
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CAD/CAM Systems with the stipulation <that they (the ship-
yards) report the actual benefits derived from the system by
March, 1984, This system is referred to as <*he Interina
CAD/CAHM Systes. An example of a typical system configura-
tion is showvn in Pigure 1.1.

The requiresmsent tc document the actual benefits derived
from the system is part of the motivation behind this
thesis. Detailed discussion of the requirement and the
other motivations are in Chapter 4. Chapters 5 ard 6 desal
vith a smethodology designed to identify and analyze ¢the
benefits of CAD/CANM to the Navy. A major drawback to that
effort is the short period of tima some of the shipyards
have had the systeas and the predominant use of the systems
for design and drafting. Although cost-effective in those
areas alcne, the system has capabilities for integrating CAD
and CAM which are currently not being used. The concept of
integrating design, manufacture and maintenance activities
from a ccamon database will be sexploraed in Chapter 3.
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CENTRAL PROCESSING COMPLEX

Disk Dial up communications
Drive

T Central Plotter
optional Processing

Unit
Punched Tope -

WORKSTATION
Printer
Tablet

Pigure 1.1 Typical Interim CAD/CAN System Configuration
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II. A ERIET HISIORI QF CAD/CAN

A. BACKGROUND

. This chapter will provide a historical perspective of
CAD/CAM and computer technology, highlighting events perti-
nent to the shipbuilding industry. This is no*t meant as an
exhaustive history of computer technology or of CAD/CAM. It
is intended as backgrocund for the reader, in order for hinm
or her <t¢o become familiar with tha concepts of the tech-
nology and its application in the shipyard environment. The
history is <traced under six headings: 1) Computer tech-
nology, 2) Interactive computer graphics (IACG), 3)
Numerical centrol (¥C), 4) Computer-aided design (CAD), 5)
Computer-aided lofting (cCAL) and 6) Computer-aided
sanufacturing (CAYN).

B. THE PIRST GENBRATION OF CAD/CaAN

In ay opinion, the first generation of CAD/CAM begins in
1801 vhen <the Frenchmsan Jacquard invented the first auto-
mated manufacturing systes. The Jacquard Looa was a punched
card driven device that automatically cortrolled the weaving
process. This wvas a forerunner o>f the numerical control
process using punched paper or mylar tapes,

In 1830 the first computer was invented by Babbage. The
ters “computer® had not been coined and Babbage's calcu-
lating wmachine wvas called an ‘"analytical engine.n™ One
hundred years latar, the £first analog computer was buil% by
Bush. The teapo increased in coamputer technology with the
first digital compater, Colossus I, buil+ in 1943, Three
years later, the University of Pennsylvania built ENIAC, and
five years after that, the UNIVAC I was built. In computer
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Yeor | Computer 1ACG NC CAD CAL CAM

1902 Jacquard Auto-
sated Loom

usiang punched
eqr‘=

1030 | Sadbdage
Analytical
Engine

1930 | bush Builde
firet analog
nachine

183 [ CoLossus I
firet digital
computer.

19%¢ |U. of Penn.
builds ENIAC

1951 JUNEIVAC I
1st Ganeration

1982 'Pareson ¢ MIT
develop I3 axis
NC using

punched cards

195 Introduction Introduction
of NC machine of ASCII
tools in U.S.

198¢ 80C installs Yarious ship- EAGLE Planning
1st NC flame yards and Systew devel-
burner in U.K. | resesrch groups oped for BOC
shipyard develop design

calculation
prograns

rigure 2.1 The Pirst Generation

technology, this is the accepted beginning of the first
generation. I have tacked the beginning up to include the
Jacquard Loom because it is the beginning of programsed
sanufacturing control. This generation is shown schemati-
cally in Pigure 2.1 (Ref. 5: pp. W].

The first generation continued through the early 50's
with the large vacuan tube computers being used for
accounting <tasks. This was the first 4introductior of
computers into the shipbuilding industry. By the mid 50°'s,
sany shipyards in a number of countrias were using computers
for “calculations for hydrostatics, stability curves and
capacities® ([Ref. S: PP. 3]. The first change in
programmed smanufacturing since Jacquard came in 1952, when
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Parson and NIT developed a2 3 axis numerical control machine
using punched cards. It would be two years beforz NC
sachine tocls vere introduced ir the United Sctates.
Programaing these nachines wvas done @manually in the basic
sachine language. In 1959, a group of Scottish shipbuilders
formed the Clyde Shipbuilders Computer Group to develop
computer applications <to shipbulding. This was the first
organized effort in shipbuilding t> utilize the burgecning
technology.

This is where I mark the end of the firs* generatiomn of
CAD/CAM. The second generation begins with the use of tran-
sistors, which increased the computing power 10-fold.

C. THE SECCED GENERATION OPF CAD/CAN

The second generation of CAD/CAHN, in my opinion, is
coincident with <the accepted seconl generation of computer
technology and is marked by <the replacement of vacumn tubes
vith transistors, circa 1964. With ¢the 4increase in
comsputiag powsr it would be only two years until Sutherland
develcped “Sketchpad," the first interactive coaputer
graphics systea. During this period, the Norwvegians devel-
oped BESSI and IBA coapleted ADAPT, both pioneering systeess
in CAN.

The ensuing 6 years can generally be described by the
explosion of interactive computer graphics and a flurry of
activity in the search for new applicatioms. One such area
vas coamputer-aided drafting, and with drafting came
computer-aijed design (in an interactive graphics sense).
What should be apparent is the lack of continuity be*veen
numerical control, CAD, and CAM devalopment (see Figure 2.2)
[(Ref. S: pp. 84). Each area vas developing on its ocwn. NC
proceeded to improve and be more wvidely used after <the

3
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E : creaticn in 1964 of APT, a higher 1level numerical control
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%
gN Pigure 2.2 The Second Generation
. '.:-
;ﬁ language. Also, abcut that time, another application wvas
K found in the shipyards, the generation of NC data through
f: coaputer-aided lofting (CAL). CAL involves the automated
LN LY
ﬁk layout of plate patterns and the conversion of *hese layouts
-xﬁ to flame-cutter paths described nuaerically. The AUTOKON

system vas the first CAL system and vas introduced in 1965.

- D. THE THIRD GENERATION OF CAD/CAN

X It is difficult toc establish the exact timing of the
T third generation in CaAD/CAM. If we look at shipbuilding it
3: would appear to be around 1968 vhen two significant
3}: computer-aided design systems were develcped: one being
oA

= CASDOS, the other Dbeing FORAN (see Pigure 2.3)
o

o) 20
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2 Pigure 2.3 The Third Generation
NI
e (Ref. 5: pp. 4]. The problea arises vwhen one2 considers
o,
:fﬂ that the automotive industry, specifically General Motors,
t:s had been secretly invclved in CAD since 1959. As mentioned
earlier, the aircraft industry vas also involved in CAD/CAlM
.x with their development of both MCAUTO by McDonnel Douglas
> and CADAN by Lockheed during the late S0's and early 60°'s.
,§§ CASDOS wvas the U.S. Navy's "“Computer-Aided Structural
' Detailing of Ships" prograa. It wvas orginally intended to
e bring together CAD and NC. It wvas stated that "the
! ':,5 successful culainaticn of this projsct (CASDOS) will resuls
?3 in a wmeans for producing fully detailed working plans and
41 numerical control prcgrams for the automatic flame cutting
. of plates directly by computer using contract plans and
,&5 detailed specificaticns as starting input" [Ref. S: pp. 6).
N
o Unfortunately, ¢the rfroject failed due to "the lack of an
.r:
'0
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‘: integrated fairing program and a fully developed lofting and
~J NC output capability" (Ref. S: pp. 6]. At this ¢tinpe,
v hovever, a systeas vas dsveloped in Spain called PORAN. The
= PORAN goal vas to provide a CAD system which would develop
J . the contract and detailed design data, and then provide the
working dravings to produce the ship. Later extensions of
. FORAN involved CAL and CaNM.
During this generation pmini-computers were develcped,
netvorking betveen aini's and mainframes grew, and CAD and
CAM began to come together. Characteristic of the genera-
tion were automated numerical control tape generation, and
CAD with on-line engineering analysis and real-time simula-
g' tion. Currently at the end of the generation, (around
ﬁ‘ 1983), computer technology has advancad to 2ven saaller and
faster coaputers. CAD/CAM is a way of life in the automo-
v tive and aircraft industries and is well established cver-
‘Q seas in shipbuilding with PORAN, BRITSHIP 2, and AUTOKON 79.
j Onfortunately, U.S. shipbuilding failed as an industry to
take full advantage cf the technology. The next chapter
vill define nmy view c¢f the next generation and beyond in
CAD/CAA.
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IIY. CIDMM, IHE NEXT GENERAIION

A. INTEGRATION OF DESIGHN, NANUPACTURING AND HMAINTENANCE

The next generaticn in CAD/CAB is beginaing now. The
significant difference betveen this and the previous genera-
tion is not due to hardwvare breakthroughs or new applica-
tiorns, but is due to an attitude change. The attitude that
is changing is the belief by those using the technology,
that only through total integratioa of CAD ard CAM can the
real potential of the technology be realized. Previously
CAD and CAN had been thought of as separate activities. A
nuaber of teras have been coined describing this integrated
approach to design and nmanufacture. Ccaputer-Aided
Engineering (CAE) and Advanced Integrated CAD/CAM are two
such teras.

I wvould 1like to go one step further in the conceptuali-
zation of what I think this generation holds for CAD/CAM by
adding saintenance tc the integrated design aand manufac-
turing concept. The addition of maintenance coasideraticnms
in the process closes the loop between designer, manufac-
turer and user. The tera I have chosen to describe this
concept is both sisple and syabolic--CIDHNN; Computer
Integrated Design, Hanufacture, and Maintenance. It is
symbolic in the removal of the "/" between CAD and CAN, thus
emphatically stating there «cannot be any barrier between
design and manufacture. The characteristics of CIDNN will
be described in <terss of <the shipbuilding industry bu*
applicability to other industries should be easy to
extrapolate.

The first realization that must occur is that "we are no
longer preparing drawings, vwe are building the prototype in
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the ccmputer® [Ref. S: pp. 19]. This has, in ay opirnion,
teen the biggest stumbling block to tha successful iamplemen-
tation of CAD/CAN in the shipbuilding industry. CIDMM goes
one step farther and rather than building the proto*ype, vwe
are Ltuilding each ipdividual ship in the cosmputer. A
description of what exactly is involved in CIDMNM is in
crder. Pigure 3.1 shows the present manual approach tc the
creation and passing of the engineering and administrative
information. All the information 1is passed via a parper
medium, which is bulky, hard to revise and typically out of
date. The repositories handle the information via aperture
cards and =microfils on a system similiar to one the \Air
Porce has labled "archaic" {Ref. 6]. Figure 3.2 shows the
creation and passing of the engineering and adainistrative
information via <three digital data bases. These digital
data bases allov almost real-time transfer of information
roviding disseminaticn of the most up-to-date information
and rapid feedback from the flest user. Incorporating
changes to cr transfering information from a digitized data
base is simple and fast. There is no need to redrav drav-
ings everytime a change is made or a drawing is transferred.
There is noc need to wait years for changes to be incorpo-
rated in the technical docusentation. There is no need for
the repositories to keep millions of aperture cards, each
representing 1 or 2 drawings on file. A sirgle 10 inch
video disk can hold approximately 6000 E size (36" x 48w)
dravings at a cost of about $3.00.

Future ainiaturization in 1laser disk technology will
provide the seaman c¢n the ship with the ability to take a
small video disk and player to <+the piece of machinery he is
working on and viev his entire maintenance task, (including
troubleshooting, disasseably, repair and asseably) a+t the
smaintenance site. An additional advantage to the video disk
pedium is 1its ambivalence to electromagnetic interference.
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This could be quite important in the various electromagnetic
fields fcund aboard naval vessels.

This level of involveaent of the user with “*he dstailed
figures created by the designer is a fundamental improvement
from today's technology. In betveen the user and the
designer is the manufacturer. Tha existence of a common
engineering data base (the geometric data base and the
saterial data base) allovs the dirsct transfer of design
data to the manufacturer on <the shop floor. Diract numer-
ical ccntrol (DNC) is a manufacturing technique currently in
use in the aerospace industry. Direct transfer eliminates
the entire step of interpreting the drawvings and programming
the numerical control machine. Direct transf2r allows all
the pleces to be fabricated from the design, not various
intrepretations of it, resulting in a product that fits
tcgether better. 1In shipbuilding, the bringing of subassen-
blies +together is called zone coastruction. "Ships are
built in chunks around the yard. These wmodulas ar2 built
coapletely ocutfitted and ready for launch. When all is
ready they are brought together swiftly on <the (ship)vays,
velded into a complete ship and launched. Not only is time
on the vays greatly reduced, but construction is consider-
ably sisplified. Crews can get at their work more easily,
there 1is more space for manuvering equipment around ¢the
isolated modules, sore bottlenecks are largely eliminated
and delays do not accumulate"” (Ref. 4: pp. 14]. This would
te iapossible 4if all the pieces to "the puzzls"™ were not
created from a ccamon engineering data base. This construc-
tion technique was piocneered by the Norwegians and has since
beea successfully adcpted by the Japanaese. Both countries
are leaders in the use of CAD/CAM technology.
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B. SHIPBUILDING, CIDHM, AND THE PFUTURE

Sc far, this discussion has not been exceptionally futu-
ristic. Most of the concepts are implementable wiih today's
technology. With sosze imagination one can envision coamplete
design and manufacturing systeas built around a comaon data
base. A designer would sit in an easy chair (perhaps with a
head mounted cursor control mechanisa) and select from a
menu the type of ship he wanted to dasign. once selection
vas made, a generic ship of the type selacted would appear.
Through the dasigners inputs of size, speed, cost and other
parameters the system would develop the design automati-
cally, auch as group technology and generic part definitionm
is done today. The system should have the ability ¢to
interact with the designer, capitalizing on the desigrer's
imagination, skill, and the systems ability to optimize or
automatically design. (This type of symbiotic man-nmachine
relationship has been a dream for many years. Advances in
artificial intelligence are making it <closer to being a
reality, but, unfortunately, it is still a long way off.)

Once tike designer is satisfiad with the design, a
coamand would generate the detailed information, par:s
lists, cost estimaticn, and production schedule. Ancther
coamand would transfer <the design to an automated shipyard
vhere intelligent robcts would selact the raw materials and
begin wmachining the parts from the production schedule
praviously generated. As the parts were produced they would
be automatically assembled. These assaamblies and the compo-
nents frca subcontractors would be pieced together until the
final ship wvas complete.

While the construction process was going on, the same
data would be used to program maintenance "manuals"™ in the
forn of video disks or some other mediunm. Automatic
authoring, a concept being explored today by the Navy, would
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provide the text, wvhile the detail designs would provide the
wfigures," figures in the sense of 3-dimemsicnal color
graphic images. '

It appears in this shipyard of the future that the huaman
element has been reamcved. Although possible, this would be
a tresendous aistake. The human element should be removed

- fron the mundane, time-consuming, or dangsrous tasks where a
robot could perfora them better, and placed in those posi-
tions where humans will alwvays be needed, positions that
require thought, judgement, and intuition.

The U.S. is a leader in computer technology. However,
the country has fallen behind in its industrial application
of that techndlogy, especially in the shipbuilding industry.
The U.S. Navy as the predominant customer of U.S. ship-
bulding is in a uniqgue position to influence its direction
and growth. By pursuing the CIDMM soncept, the Navy can not
only iaprove itself but can improve this country's produc-
tivity and the technological edge that will guarantee the
lifestyle enjoyed in this country today.
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. Iv. DICUSSION OF BXISTING BENEPIT HETHODOLOGIES

,: A. OVERVIEW
N . A historical backgrourd and futuristic projection of the
' CIDNMN technology has been presented in the previous chap-
3: ters. I hope the case has been mads for the Navy becoaing 2
g leader in this technology. Accoaplishing this will require
R~ a very large investment in manpover and capital resources.
" Part of this investaent has already been mnmade with the
;; procurement of the interim CAD equipment currently in place
jil _ at the eight Naval Shipyards. dlong with the authcrization
o ) (Ref. 7: pp. 2] to begin investigating the technology as it
5¢ applies to the shipyards, was a requirement of the Naval Sea
e Systems Ccasand to:
s R T L It e R e
Bl servgdto geri fgh. cgonggigngnggg the 1on he e agn.to
provide a basis T proje g range pl
ﬁg This requirement, coabined with the requirements of SECNAV
jij Instruction 7000.14B wvhich calls for economic analysis on
¥{2 major programs (part of which should consist of benefit
e analysis) (Ref. 8], and the lack of existing benefit anal-
;: ysis methodologies in the field is the motivation for the
é‘ remainder of <*his thesis. Existing methodologies will be
oA discussed folloved by the development of a new methodology,
. “the Grahlsan methodology." The Grahlman amethodology will
;; drav fros the existing methodologias' strengths, be appli-
fi; cable to Interia CAD/CAM Systems installed at the shipyards,
£ and, nmore importantly, wvwill be extendable to the CIDMN
:; concept discussed in the first portion of this thesis,
:&:5:
5
ihd
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B. EBIISTING BENEFIT ANALYSIS HNETHODOLOGIES

Previous benefit analysis has been primarily limited to
CAD systeass. Most of the pmethods currently published
attempt to quantify the tangible benefits, usually man-hour
savings, cospare those (converted t> dollar savings) to the
costs of the system, resulting in a sort of net gair assess-
ment. A negative net gain indicates a loss. The intangible
benefits, such as isprovements in draving quality or design
innovation, are given a cursory discussion and then ignored,
resulting in a "worst case" type of analysis. Four amethods
vill be reviewed. Tvo deal with purely tangible benefits
and two attempt to measure CAD productivity wvholely through
subjective analytical techniques.

In revieving another's work, it nmust be kept in mind
that the reviever's perspective is considerably different
than that of the author. The reviever also does not share
the 1luxury of detailed derivation to aid comprehension.
Generally he aust extract the essence of a piece of wvork as
it applies to his use, vwvhich seldom does the original work
Justice. With that caveat in mind, we will procseed.

1. Chasen's Nethod (a3 applied by Long Beach R.S.)

Sylvan Chasen's methodology for determining "the
break-even point fc¢r interactive graphics cost savings
versus the cost of capital aquipment and labor charges" was
used by the Long Beach Naval Shipyard to justify acquiring
additional CAD/CAM equipment (Ref. 9] under the Computer
Aided Engineering and Documentation Systea (CAEDJDS) contrac*:
no. 00123-31-R-0u56. The methoddlogy was extracted froa
Chasen's paper "Poramulation of System Cost Effectiveness"
{Ref. 10: pp. 263). This discussion will use the model as
presented in the paper.
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The model is

C.R. = K +Hi-H2 _ Rm + Rc
H3-Rm H3:-Rm H3 Rm

(egn 4.1)

vhere
C.R.=Ccst reduction in dollars,

Hi1=Man-hours ior any defined task, set of tasks, or
project pricr to introduction of CAD/CAN,

H2=Man-hours on the same hagis as H1 except that they
are the hours unaffecte by CAD/CAM. H2 is a
subset of H1,

H3=Man-hours spent at the CAD/CAM console to produce
ﬁg:rgale algunt of work pre‘gously done En %51—52)

[ 4

Ra=Average man-hour rate (console user) in dollars/
’

Rcs=Censole rate in dcllars/hour, and

I AR 3R g pueable S0 the mon-

. Long Beach N.S. chose to use the mcdel in a vorst
case® sceépario by giving no credit to intangible benefits
(K) . This approach has nmerit in that measuring or even
estimating the intangible benefits of CAD/CAM in terms of
man-houx savings or dollar savings can be very difficult.
These benefits and their associated problems will be
discussed later. Bowever, note that by giving no credit to
the intangible benefits, i.e., setting X=0, an additive terms
is dropped froa the equation, resulting in the most conser-
vative estisate of savings. If the cost reduction (C.R.) is
also set to zero (the threshold lavel) ([Ref. 10: pp. 268)
*he only remaining teras are the productivity ratio (P.R.)
defined by (H1-H2)/H3 and the "maxiaua"™ productivity ratio
(Rmax) defined by [{ Rm+Rc}/Rm, wvwhich are equal at the break-
even point. This establishes a cost effectiveness criteria.
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- For the CAD/CAM system to be cost effective P.R. must exceed
$5 Rmax.

Significant in Chasen's discussion on productivity
(Ref. 10: pp. 261] is his H1-H2 term that appears to be the
first explicit correction of the coamon practice in CAD/CAM
productivity measurement of siamply taking the difference in
v the time required to do a task manually and +the <*ime
N required to do the task with CAD/CANM. This direct compar-
ison of total task, set of tasks, or project times is in

LS

P

;f":‘.ﬁ. A T

s

2
X error because it includes administrative time not influenced j
| by CAD/CAM, which, 4if included in the diffsrence calcula-
] tion, would result in erroneously lower productivity ratios.
E Only two topics are not adequately addressed with
h the amethod--the first being hov the man-hours H1 and 82
> should be dstermined. Is H1 to be dstermined by historical
i records? Is it to be estimated? Is H2 measured, and if so,
AS how? Task analysis techniques exist which could accurately
% determine these but are costly in teras of <time and amoney.
% The second topic not adequately discussed is the notion of
> opezator skill level on the systen. Chasen admits the
i o

productivity ratio (P.R.) "ie dependent on such things as
the skill level and guality of work and the characteristics
of the CAD/CAN systen"™ [Ref. 10: pp. 262]. Inplicit are
g the assumptions that all the operators are a+ 1007 effi-

¢4

y ciency, or that the san-hours spent at the consocle produce
the same amount of work. The variable (H3) represents some

o constant average of user skill levels, and is the same as

fs the skill level of those engaged in doing the *ask prier to

;j CAD/CAN. In the 1le¢ng run this may be true, but when cne

] considers the normal technological life of mos* computer

v systeans of about 8 yrs [Ref. 11: pp. C.2-5), this long-run

5 argusent falls short.
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2. shab & Yap's BNethod

R. Shah and G. Yan presented a paper
(Bef. 12: pp. 16] at the 15th Design Automation Conferencs
vhich prcposed a simple method of assessing the net gair
achieved from CADDS! in a drafting office environment.
. Their method uses the simple relationship:

Benefits (B) - Costs (C) = Net Gain (G)

Benefits are further subdivided by subscript into drawing

"types."
Their benefit modsl is:
. Ss:
By = Ni| Suu - (___%> (eqn 4.2)
with
N, = €
i N'vrii'f|1\°'gr- (eqn 4.3)
S
i
1CADDS i defined i thi to iall
available :tagg cne.n nuliipigpggation co§83€§§fa§ée§

design and draft g systeas.
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Y which combine to yield
¥
5 s"
i By, = [n'w-H]- A L _q (eqn 4.4)
N Ss1)
! E
Y
e vhere
,ﬁk ss izle benefit (savings) in man-hours of a CAT. i
- rawv

N; sAverage nuaber of CAT. i drawings produced/period,

S"itagggige :ggagigrsz required for drafting a CAT. i

g Sg; =Average lan-hours required for a CAT. i draving
. using CADDS,

N E=CADDS user efficiency factor, (0<ES1)

;QE n=Number of vork stations,

o v=Number of shift hours/period,

H=sSingle shift hours/periogd,
f; sPraction of CADD alloted to CAT. i drawings, ard

{é . A=CADDS system availability.

o

e Pirst, consider the way Shah and Yan deal with the
b question of "tasks not affected by CAD/CAN." 1In the deriva-
3 tion [Ref. 12: PP 21) shah and Yan include <two teras,
ié vhich regresent the average man-hours needed £for planning,
:ﬁ preparation approval, issue, and distribution of Category i

drawings produced on CADDS or msanual nmethods respectively.
They conclude that "based on our experience, activities 1like

g

;8 plananing, preparation, approval, issue and distribution take
v similar san-pover effort whether the task is done manually
- or using CADDS.® This allows them to equats the two teras,
o and, because of their algebraic relationship, drop them froa
.d

‘ - B D - ap
o

. 2Incindes extracting data for wiring lists, etc., where
= applicable

o 31bid

"‘.'

:": 5

o 3

$l

-—

2

-"l."' LAY ||.l v"' e V?\'O - LN 'v'-l . o



LAY Y )

AR EAXAXLAL: | ARRAREY, § Y

-

a
I'.'
I..’
A

) i "
L A A e T R IR A R At 25 A, R A A A CA LA A s Sty

ths eguation. The result is a comparison only of tasks
waffected by CADDS," similiar to Chasen's comparisor.

This model is also "worst case," in that intangitle
tenefits are ignored. sShah and Yan do include an efficiercy
tera (E) that adjusts the man-hours expended by a user that
may be new to <the system and hence not as productive as he
could be, to that cf someone who is considered to be 100%
efficient. A vendor should be able %0 provide accurate
learning curves on a given system for determinationr of this
terna.

3. CAEDOS Productivity Neasurssent Method

The next method differs significantly from the
previous two in that it deals with productivity ir a subjec-
tive, instead of gquantitative, way. The method was
presented ir a tentative work plan [Ref. 13] for the CAEDOS
productivity study tc be conducted by a private ccnsulting
firm under contract tc the Navy. The "productivity measure-
ment plan®” details a measure of productivity (MP) tha+
consists of a veighted sum of productivity factors:

M
MP=ZWa°PRi (eqn 4.5)
is1

vhere

PR;sIngraveme t in productivitg due toc,a particular
actor cf computer-aiiad engineering,

W; =Weighting of factor i's impact on productivity, and
M=Total number of productivity factors.
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Tha productivity factors identified in ¢the CAEDOS study

Giris

include:

; 1) Time 7) Quali
2 2) Reproducibility 8 utoni%atign

N 3) skill 1eveis 9) Documentation

oo @) Communication 10) Improved project &

- resource managemen*

: S; Configuration agat. 11) Reduc¢tion of uncertainity

- 6 ost value of 12) Ability to spot

. nforamation unsuccassful projects early

:i A measure of cost (MC) is then determined by summing
%: the costs in sbtaining certain features (factors):

v . M

o MC =Zc, (egn 4.6)

R i=1

N

%

;1 These two teras are then conbined in a
?3 productivity/cost ratio (PCR):
.'. : PCR = MP (egqn 4.7)
I C
&4 )

d

; The strength of the proposed measure lies in its
2 siaplicity. The measure of productivity (MP) is easy to

explain and represents a "ccmmon sense™ approach to the
problem of productivity measurement; however, this techrique
is better suited for measureaent of conpletely non-
quantifiable entities, such as "the value of learring"
because of the difficulties in defining a universally
accegted measure of value. With a weighted sum model, a
measure of value is deterained by a wveighted average of
someocne’s, or some group's subjective assesment of value.
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A major weakness of the aodel as it applies to

Department of <the Navy Productivity Measurema2nt 3is tke
completely subjective measurement of factor 1, time. SECNAV
Instruction 7000.14B clearly states "output measures
(benefits) shall be &expressed quantitatively whenever
possible®, (Ref. 8: ppP. 10]. Time savings represent a
major factor in this type of productivity analysis [Ref. 13)]
and sheculd be measured quantitatively instead of
subjectively.

The model has analytical problemas. The measures are
too subjective for meaningful analysis. Subjective terms
should have some sort of sensitivity analysis performed on
them to determine if they are unfairly forcing a particular
outcome. A41so note that in the model subjective weights are
multiplied by subjective productivity factors. This
multiplicity further confounds the sensitivity analysis. To
be adeguately analyzed, the reaction of the model <+o all
possible ranges ¢f bcth factors should be examined.

The model has data collection probleass. For
example, to reduce the subjectivity in "skill levels," you
vould have to test all the engineers on their professional
skills before they used the CAD/CAN system, then retest them
after use, The difference would be a nmeasure of their
improved skill level. This assumes ¢the engineers have not
used CAD/CAM before, which is unlikaly, and further assumes
the adainistration of a representative skill level test,
vhich may not be feasible.

Additional data collection problems occur with +he
measurenent of cost (MC). Fach Ci represents a cost of
obtaining the productivity of the ith factor. Is this +o
mean that out of the total system cost one has to carve the
cost of those system conmponents that make ¢the factor
possible? As an example, consider the factor automization
that represents the systenm's ability <to automate certain
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design rractices like rules checkingy. A designer, through
his experienca and education, knows certain basic design
rules. The computer system can be programmed to check a
design against these rules and flag any discrepaccies. The
cost asscciated with this ability should, by implicaticn of
the model, be the ccst of the software that provided the
rules checking ability. The guestion that now arises is "do
w3 include the cost of the hardvare needed to provide the
ability"? Wwhat if a specific piece of hardware provides two
capabilities? Should it be counted twice? It is 1ot
conpletely claar what the measuremsnt of cost really is.

My final point on this model 1is how easily it cculd
be abused. Any competent aralyst could support or refute
almost apy position with this model by manipulation of the
wveights, measures of productivity, and measures of cost.
There is no auditable data socurce, only a group of peopleat's
opinions that determine if a systea is productive, ard by
how much.

4. Packer and Kahy's Hethod

The final amethodology reviawed probably represents
the "state~cf-the-art" in CAD productivity measurement. I~
vas developed as part of a two year, multi-firm productivity
study vhich is still in progress at M.I.T. under the direc-
tion of Dr. Michael Packer. Their motivation for developing
the method was the lack of work in the area. In a paper at
the N.C.G.A. Conference, '82 [(Ref. 14: pp. 1), Dr. Packer
and Adina Guartzman charged "the present state-of-the-art in
evaluation of the G[productivity or effectiveness of CAD
systeas is abysmal."™ Tha three praviously reviewed methcds
represent the only published work in the field discovered in
my research and tend to support Packer and Guartzman's
charge.
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The M.I.T. study has two separate facets: the meas-
urement cf tangible benefits and the measurem2nt of intan-
gible and collateral benefits. Packer builds a case against
coaparing actual CAD tinme with estimated CAD tinmes
(Ref. 15: pp. 52-54]. I disagree with his statement
(Ref. 16: pp. 2] that comparing actual CAD times with esti-
mated CAD times is "yseless," hovever. Each situation mus:
be considered 4individually. In the Naval Shipyards case,
there siamply is not time to collect the data and analyze it
using Packer and Kahn's method before the March 1984 dead-
line. The other and most important point is "what is the
analysis being used for?® Por acquistion decisions, appro-
priate estimates are adequate.

The H.I.T. study is collactiang data on *"project
cycle time" and "“changes in the project™ other than customer
requests. The data is being collected on all jobs, CAD or
manual, with the 4intent of developing a 1large enough data
base to make statistical comparisons. They hope to generate
descriptive statistics on: )

::gggjgg: °I§§3a§§!§§ time
--Number of changes by source and reason )
3SR ISnTE T Bl EIINSES, (Jjective deseriztors lixe

The next phase of the analysis involves =stepwise
regression and analysis of variance +0 determine the rela-
tive effects of a nusber of variables on actual and esti-
mated job completion times (the independent variables are
job description paranmeters). The same techniques will also
be used to lockt at CAD useage and job parameters on project
cycle time, CAD useage and job parameters on the number of
errors and changes requested, and last, a determiniation of
the distribution of the time of the drafting and design
effort per project.
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The intangible and collateral benefits are measured
by analysis of a detailed questionaire designed to break the
broad, vague concepts such as flexibili+ty, into detailed
specific criteria of organizational effe~tiveness.
Bierarchical clustering is used to organize the gquesticns
into groups. See Table II [Ref. 16: PP 4] fer sample
questions and groupings.

Alpha in Table II is the Cronbach measure of reli-
ability. It is used to estimate "the reliability of empir-
ical measurements cbtained in one adainistration of a
measurement instrument (questionaire)" (Ref. 17: pp. S57].
Thus, alpha represents a measure of the internal consistency
cf the gquestions in the group. "General guidelines for
values of alpha in empirical research are that alpha=0.6 is
adequate (to establish a group) in sxploratory analysis, and
that alpha=0.8 is preferred fozr applied vozk®
(Ref. 17: pp. 158]. As shown by the Table II alpha statis-
tics, three of the five groups meet the 0.6 criteria to
establish a group. Beta, in Table II, is the coefficient of
generalizability [Ref. 18: PP 17] and is defined as the
ratio cf population variance to the variance of the group.
It expresses how vell the group is 1likely to place indi-
vidual gquestions relative to all other questions. Since the
variance of the group will alwvays be less than the variance
of the population, beta will be between 0 and 1. The higher
beta, the acre general the questions in a group.

The groups in Table II vere formed by simultansously
maximizing Alpha and Beta. Maximum 1loading on a cluster
means that a specific question had a maximum correlation
betveen it and its corresponding group. Bach question is
scored Letween 1 (very difficult) and 7 (very eoasy).
Questions were worded so that higher scores corresponded to
higher levels of effectiveness (Ref. 17: pp. 46]. The mean
scores of each questicn in a group are averaged to provide a
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TABLE II
Variables in Order of Their Greatest Cluster Loading

GROUP 1: Morale, zss.zssz Resources .52,3255 Beta=0.80

-2 Own nora& gh
N Good ga T su erv sgfs and co-wvorkers
O Encourage earn n ski
= Group's loralo is good
Do vork that ;ou do best
a part o uor roup

G vcn chance to develop own special abilities

ten tg{ out nev methods
% 1 tell ether doing good work
Often expe iment with changes
Easy for supe vieors to evaluate work
Knou the q ual ty of vork expected of you

get adviceé from recple within work group

%ve r %nount of equipaent to do job
oft get a éce from people outside work group
!ra ing is a

equate
- Grou 2. Alpha=0.70 Beta=0.46
p $§9§§n h_probleas P

uost vork is cha en ng rather than routine
Large amount of sk required to do job
Work rarely requxtes repetitive tasks

SV A

v
>

Y

Group 3: ghagg Alpha=0.68 Beta=0.62
potte: o 3% iring revisions
Basz to red ens n to change tolerances
Rar l{ qet st acted
> Basy to'switch from one job to another
s Basy to work on scmeon® eélse's drawing

-, Group 4: ¥rapped sylts
P 42, 3ee Be ha=0.56 Beta=0.51

Al
ave l ch froodcn of choice in how go get job done
0 ten £ nd nyse vrag ped up in wvork"
N otten £ind l se f "racing alony in work"
: Basy for me to see results of ay vork

,\
- Group S: Alpha=0.44 Beta=0.31
o p(Gro%%“ﬁys%cally isolated frgu other vorkers)
(negative correlation
0£ten vork on scmeone else's drawing
- %rcly work acccrding to rules
Often wvork as part of a teana

s * variable 4id not have maxisunm
> loading on this cluster

Questions which did not combipe with apy clustsr:

. ircly sloved down by delays n>t under ay control
o Often get together with co-vorkers to do'a better job
‘4 Porsonall réspcnsible i qua it! of group's work
W fork station has convenient
T Often lay out a 4Jcb d fferent vays
e
I‘
4 42
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F6

COMPANY E QI FACTOR GROUP SCORES
( groups suggested by 8 -factor solution )

FI " ownoreativity "

F2 "group functioning"

F3 "pace , concentration"

Fa " flexibitity"

F6 " information , resources "

Fl

CAD Workers

Fa F3

foctors 5,7,8 not used to construct clustered foctor
groups because of low reliability due to bipolor (+,~)
interitem corretiations.

CAD n=8 MANUAL n=6

MANUAL Workers

Pigure 4.1 Perceptual Nap
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point estimate for the group. These are plotted cn a
"perceptual sap® resuiting in the pentagon-like Figure 4.1.
The center is tha origin and each group score is plotted out
froa the center along its respective radial. The further
out the radial, the more effective the systen. The inter-
connection of the GEpcints gives the pentagon shape, and
provides a way of distinguishing the manual pointe (dashed
line) frcam the CAD pcints (solid 1line).

The aivantages of this perceptual mapping technique
are:

1. EggesystOI cap be used to monitor performance over

2. Alstract concepts are made explicit.
3. B Rt iIM R o ganiza HIER AR £ conared s TOT Ot

There are three aajor dravbacks to the perceptual
sap for 4information presentation. The first involves the
interconnectivity previously discussed. The interconnection
A.' of ¢the radials implies some connection between adjacent
radials wvhen in fact none exists. The second involves mcst
people's subconscious preference for aesthetically pleasing
geonetric shapes. This preference introduces an element of
bias. For example, in Pigure 4.2 Pactory A and Pactory B
have identical CAD and manual system perceptions, hovwever
Factory A will generally be perceived as doing better with
CAD because of the mcre pentagon-like shapse.

The third drawback is the lack of indication of the
accuracy of the points on the various radials. The standard
deviations bhave been computed [Ref. 17: pp. 75] and should
te displayed somehovw.

A better presentation of the data might be through a
aulti-variate box-plot display (Ref. 19: pp.29]. A better
compariscn of the systems can be made from the additional
information presented. Data with the same means and stan-
dard deviations as that contained in Pigure 4.1 is displayed

SRR TSRS

DRt iR

4q

TeSaT.CANESG S 4 S BE S 8§ JENE." "

e AT ST, AT A s W e . W L Y LW T W W AT T4 ¢ '—'W“a._ Wwwvﬁ TETITE T T v
- - - - - - e % a0




- -
! .'Jyn‘::" A

..

'.o’f‘f‘ ‘(

o

\,/‘:

s
¥

= CAD Workers
-« MANUAL Workers

oot

o
LY

-;‘

'?‘

\ | |
" lamp—— ;
v - ‘
}2 4 3 |
1) Factory A :
Y

A

'1

- Which factory is doing
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Pigure 4.2 Perceptual Differences

with this box~-plot method in Figure 4.3. As can be seen,
the relative positions of the interquartile ranges gives an
indication of whether CAD wcrkers or manual workers are aore
wproductive® in the five areas. Now though, the
decision-maker is opresented with dinformatzion about the
underlying distribution of the answers, and with this infor-
sation can immediately decide whether the differences are
significant for the decision process. This is not to argue
that t-tests for significance should be discarded, they have
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their place in the apalysis, but to point out that the goal
is to produce a decision-aid that is useful to decision
makers in comparing differing systems. An additional advan-
tage to this data representation is that it can be computed
and plotted automatically. An exampls of a FORTRAN subrou-
tine used to create similiar box-plot displays can be found
in NcNeil {Ref. 19: ¢gp. 46].




V. GRAULUAN'S HETHOD
&
3 A. HOTIVATION
¥
fu . The four previouvsly discussed aethodologies have their
A8 own strengths and veaknesses in dealing with the question of
i? "benefits® derived frcm, or relating to, the use of CAC/CAN
;; (CAD in most cases). Chasen [Ref. 10: pp. 263] identifies
: the need tc coapare only "“tasks affscted by CAD/CAN" for
q productivity measurement but fails to account for user effi-
x* ciency on the systen. Shah & Yan [Ref. 12: PP 17] deal
gz vith the efficiency fproblem and provide a very useable meih-
i odology for tangible CAD benefit analysis. In 1978 this was
i farther than anyone else had gone. Unfortunately, today ve
;ﬁ need a amethodology to measure tangible and intangible
o tenefits cf CAD/CAM and of the next generaticen technology,
- CIDHM. The CAEDOS study ([Ref. 13] offers a method to
PN measure the intangibles of CAD/CAM which could be extended
o . to CIDAM, but vhich has some real probleas with data collec-
S; tion and analysis. Packer and Kahn [Ref. 16: pp. 2] offer
a nmethcdology that nameasures both tangible and intangible
;; tenefits of present CAD technology. This method would be
ﬁ hard to extend ¢to CIDMM technology because of the tangible
ﬁ% benefit measurements requirement to analyze a large enough
h data base to be statistically significant. The <%ime
;* required to develop <that data base could probably be meas-
;: ured in decades. The intangible benefit measurement method,
Lé hovever, does appear quite useful and axpandable. Clearly,
- none of the sethods vere specifically intended for shipyard
'33 analysis and hence are not really adequate. What is needed
;3 is a sethodology that synthesizes the good points and avoids
fﬁ the pitfalls of the methods discussed--a nmethodology
)
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specifically tailored to the shipyard environment--such a
methodology is proposed here.

A good source of informed discussions of the benefits to
te derived from a CAD/CANM system in the shipyard environment
is the requests shipyards subsit to the Naval Sea Systems
Command (PNS-309) fcr interis CAD/CAM equipment. These
requests require ¢the shipyards to justify the acquisition,
and usually include a listing of the benefits they hope to
enjoy if the systea is obtained. Study of these and related
requests resulted in the 1list of benefits found in Table
III. Benefit analysis usually involves comparison of some
nev system to the existing system or the gtatus guo. Table
IV lists <the relevant benefits of nmaintaining the wmanual
design, drafting, manufacture and maintenance aathods
currently in use.

In developing a methodology to assess the benefits of
CIDNN as they apply to the shipyards, it is iaportant to
keep ip mind the purpcse of a methodology. The intended use
is to objectively quantify, where possible, the relative
tangible and intangible benefits betveen the existing system
and a nsw technology. Presently, that means providing a
methodology to analyze <the Interim CAD/CAM Systems being
installed at the shipyards. The method, however, will still
be extendable to analysis of the next generation of systeas
described by the acronym CIDNMA.

Polloving> Packer, the methodology is divided into
sultiple parts, The first part addresses the tangible or
quantifiable benefits of the Interim CAD/CAM Systen. The
second addresses the intangible banefits and the 1last part
addresses those benefits not falling easily intc either of
the above <categories. A formal delineation of the

sethodolcgy is presented in the next chapter.




1.
2.
3.
4.
S.
6.
7.
8.
9.

10.

1.

12.
13.
1.

15.

16.

17.
18.
19.

20.

TABLE II1I
Belevant Benefits of CAD/CAN

Increased productivitz (reduced man-hours to accomplish
task) through automation of repetitive time-consuming tasks.

Inca:ggeg sgggggt vity roygh the a iliiz.t° ra igéxs.

Pro Om existing generic e ent des
Increased productjvity through the ability to rapidl
.ﬂit exgstgng gosignsg rousg 2 ¥ ap Y

Increased groductivity through autouatfd numerical control
(n.c.) tape or APT source code genaration.

ased productivi thro ier acce to archived
ggg ;g (geprese%tesydigitgg£y??s ° S8 o v

Increased productivity through computer gepnerated 3-D
lodelgng fgr installaiion ana genegal cogfggurat on analysis.

Botte:'gualit 'ggs&qns through improved des%gger

creativity pr ed by the mdn-machine inte ce.
Better ali dravings, less arrors, more
stanzarggzatgzn. 93 ’

gloser to _optimal layouts (flat pattern) resulting
n reduced wvaste and cutting tiame.

Igcreased productivit :gsulting from a rethinking of
the way elements are designed.

esign, manufacture and maintenance will marry, resultirg
n a better product from the freer transfer of knowledge.

Increased oductivity 1 ajntanance areas evork
ov rhazf) ggrou h norx cgfzciggtnvggk cheduiing and
ction of redundant and/or interfering operafions.

Increase roductivity through agtomated technical
pubfzcatgog ang otherydocune tation authorgzg and updating.

E:tggﬁuggsugggx.tgye%g::?t fabrication resulting

Incﬁeased manpover available to refine and improve work
methaods.

sproved coamupication or izat ¢ing fr
3.9.: one work!nqaon th%nsan ‘%ian~i3ﬂi§§s§iso gesuggs in

organization cohesiveness.

Establishncnt of a _comaon engineering data base for use
g fcnfzguczion and management of ships over

their etinmes.

Attractipg and maintaini li¢ i i

pcrgonnof? ng qua Y engineering

Better handlin f "crash" jobs and manpowver/vorkload
fluctnations (goguceg overtzne and farngout){'

{otantiai ol&lination of all gager regresentation or at
east reduced space required fo* drawing storage.

Bstabiish the organization in a leadership role in an
energing technoldgy.
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!l)Ll IV
Belevaat Bemefits of The Status Quo

7. No transition to a nev system and the associated problens.
2. ¥o nev egquipment procurement, maintenance or support costs.
3. Kknown costs.

- 4. ¥o chance of obsolescence after procureaent.

5. iggg:sgggfcggc?f Iggttlgg:cé?ulerical control programmers,

6. Systea is relatively secure.

B. TANGIBLE BENEPIT QUANTIPICATION

: The desired output of a tangible benefit acdel is some
type of information the decisicn aaker can use to balance
against the cost of the decision. "Cost"™ is a generic ters,
tut for most decisicns in vhich econoaic analysis would
apply, it is taken to be wsonetary in nature with the
accepted yardstick being dollars. The problem that often
arises is that dollar savings cannot be nmeasured directly.
Hovever, wve can aseasure the time savings gained frea a
particular alternativae. Two examples of <the types of time
savings gained are shown. Pigure 5.1 (Ref. 12: PpP. 17]
shows the ¢time savings from a coaputer-aided drafting
systes, vhile Figure 5.2 [Ref. 20: pp» 31] shows the *time
savings frcs computer-aided NC programming. Time can ¢then
be utilized as the cosmon dencminator in the benefit gquanti-
fication. This tends to allow for easier data collection,
and the calculation of the time savings benefit which can be
converted to 4ollar savings by the appropriate labor rates.

We have seen frce Chasen (Ref. 10] and Shak [Ref. 12}
that the savings in san-hours achieved in an application
area for any given period can be raprasented as the differ-
ence betveen the time spent accomplishing <the design or
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ts0 mhrs. -
-
Y Plansing and preparation Planning and preparation °
N 2 19.3m.hres 193 m.hrs. g
J . ) s Orafting 6.5 ®.hrs. ;
proval, issue stri -
= Ae ! m,h:" distribution Orafting 13 m.hrs.
| Extracting data for Nts \ - /zpprovd, lssue and distribution
— 10 m.hrs. N o im.he —
) ® Planwing and preporation
. § 21.5m.hrs.
: s
)
g & Drafting 5.3 mbes.
i Approval, issue and distribution
o L 4m.hre. Extracting data for lists
' 85 m.hrs.
_ 67.6 m.hrs. using
- CADDS system
Ly
\'
1
&)
.
-~y
{
Planning and preporation
- 2i.3mhrs.
4
18
2, m
> <
. o
by o
Drafting 26.3mhrs. z
')
: Approval , issue and distribution
8] 4 m.hrs. -
4
- 170.0 m.hrs. using
y MANUAL techniques
E
4
7
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’ Pigure S.1 Time Plov for Generating An Elementary Design
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TYPE OF PROGRAM

4 min.
Computer - Aided
Progomming
40 min.
Graphics NC

eyl

400 min.
Conventional

b

ALV

PACH
-

£ LA

Pigure 5.2 Time Required to Prograa One Tool Detail
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manufacturing project manually and the time spent accca-
plishing the same ¢rroject using the CAD/CAM system. A
distinction is made Letween benefits incurred with CAD and
those incurred with CAM aven though there are applica+ion
areas toth have in ccamon. For example, there may also be
design and drafting requirements in a manufacturing shop.
This separation of CAD and CAM is ione primarily to reflect
present-day thinking and data collection. With the creation
of a single digital data base, CAD and CAM nmust be combined
if the true potential of the system is to be realized. This
rethinking will take time as 0ld barriers are broken down
and better working relations between design, manu€acture,
and maintenance operations are established. Meanwhile, in
an effort ¢o make the models nmore accurate to the present
day, the separation will be maintained.

The generic framework for both CAD and CAM time savings
is:

TB=M-S (eqn 5.1)

vhere
TB=Benefit in man-hour saviags,

M=Estimate of the man-hours  required to coaplish
the pfogect usgng ganuai deszgn an nan%%actSr ng
technigqies, and

S=Actuyal nman-hours required tQ accomplish the
project using the computer-aided systes.

The model can be iaproved by the addition of an operator
eéfficiency correction tera [Ref. 12), if learning curve data

is available:

TB:M-(S.E) (eqn 5.2)
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i vhere the nev term, E is the fractional efficiency rating of

a user of the particular CAD/CAM systea. Aax example of why

this correction is isprortant involves two users of a partic-

ular CAD/CAM systenm. Both designers are experts at manual

design techniques. Designer A has only had six months of

- experience on the CAD/CAM system and is considered to
operate the system at 50% capacity. Designer B has had
cousiderable experience on the CAD/CAM system and is consid-
ered to operate it at 100% of its capacity. They work on
twvo separate but similar projects that each estimates should
take eight hours to ccmplete using manual design techniques.
Designer A finishes his project on the CAD/CAM system in six
hours, while Designer B finishes his in three hours. From
equation 5,1 the total benefit from both projects attribu-
table to the CAD/CAM systen is seven man-hours
((8-6)¢(8-3)=7). This yields a productivity ratio of 1.78:1
for the CAD/CAN systen. Using equation 5.2, the total
benefit is ten man-hcurs ((8-(.5x6))+ (8-(1x3))=10). This
yields a productivity ratio of 2.67:1. Which 1is a better
estimate of the productivity gain attribatable to the
CAD/CAM system? The second, because the first penalizes the
systes for Designer A's inexperienca. The reason for the
benefit analysis is to compare systams, manual vs. CAD/CAN,
not designers. The efficiency correction brings all users
of the CAD/CAM systes ¢to ap expert 1level, which is fair
since the <comparison is to an estimate based on an expert
user of the manual design systenm. An example of the data
reduction process utilizing <the efficiency correction 1is
shown in Pigure 5.3.
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The above is essentially the model developed by R. Shah
and G. Yan [Ref. 12] for 2-dimensional drafting applica-
tions. The model has been generalized to apply tc several
applications relevant to CAD or CAM. Unfortunately, the
models still give a conservative estimate of benefi« by cnly
quantifying the time saved in the da2sign, drafting cr manu-
facturing processes. Both fail *o capture some key elements
to productivity inherent in the Intarim CAD/CAM Systeas.

The key elements of productivity associated with CAD/CAM
on the Interim Systea are:

1. u CAD/CAN
8E§1i§¥ ‘ty {o p%oduce “"better" designs through the
exploration of many alternatives.

2. ib CAD/CAM
E%gxfﬁiii%z (to {a i%ly change an existing design
for a new application.

3. CAD/CAN
%‘%%i&&%a‘ aréor Late and the ability to rapidly
correct those errors that do occur.

4 gﬁéngggfigii%gli(cigiy transfer designs to and from
v acil

a
archi ties. This includes the transfcr-
::3132: betveen the storage medium and the user

S. igégg?i%%ign (Ci!{ :
abils +Q automaticall roduce numer-
cal control tapesya the APT gogrce code,  to

ng{or
drive the numericallly controlled manufacturing
process.

§i§2§?§%g§s(c:gility to_ simylate 3-D mock-ups for
nstallation and general configuration analysis.
Any particular prcject done on the Interim Systea will
have one or more of these elements. If ve keep in mind that
each g¢leasent represents a subset of the total project, <hen
the discussion of each subset and its quantification will be
easier to follov. Each elemsnt will be discussed

individually vith the necessary modifications to the generic
benefit model following the discussion.

6
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. Quality

The first elesent is an expression of quality. The
benefit from the element of quality is multi-faceted and can
be guantified in any nuaber of functional foras. One
possible quantificaticn is presented here. If one accepts
the assumption that the designer will select the best design
of those created or reviewed, and that up to some point, the
greater the selection the better the design will be, <then
counting the number of those alternatives, and using it as a
sultiplicative factor will yield a proxy* measureaent of the
quality of the design.

Critics would point out that this type of measure-
ment penalizes the good designer who produces high quality
work with a minimum number of alternatives and rewvards a
poor designer wvho explores an exorbitant number of alterna-
tives and produces gocd work. It can be arqued, however,
that the poor designer working on the system will actually
improve his skills as he is able ¢to rapidly discard poor
alternatives and explore newvw ones. In a very short period
of time, bhe vill have reinforcad the good design skills and
be pursuing those alternatives he has learned vill be bene-
ficial. He 4is now at the 1level 5f the good designer who
vill use the capabilities of <the system to be innovative.
Innovation in design is where real gains in productivity and
other long tera non-quantifiable benefits are reaped in the
total design, sanufacture and naintenance process, Por
those reasons, counting the alternatives explored is a
simple but representative way <to quantify gquality. This
applies more directly to CAD; however, in the manufacturing
environament thers is a certain amount of design work
performed that would be applicable.

SProxy in this sense means anp artificial measure used to
52 g::zgt an actual gquantity that cannot be gquantified
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2. JQlexibility

The second key element to CAD/CAM productivty is the
ability ¢o rapidly change an existing design for a new
application. The acdel thus far developed deals with pure
design and the resulting drafting applications. We will now
look at the time benefit gained from computerized design
within an existing "family" of desigas.

The existence of the "family" of parts and <their
engineering data base allows instantaneous entry and revi-
sion of the particular family member. Using manual techni-
ques, the drawing(s) and analysis data must be reviewed,
sketches drawn and vhen the change is finalized a new set of
dravings and engineering analysis data generated. Using
parasetric methods, a family member can be selected, parame-
ters changed as required, analysis performed and drawings
generated in a semi-automatic interactive mode which should
be much faster than sanual msethods currently in use.

3. Accuragy

The third key element to CAD/CAN productivity is in
the area of accuracy. Designs produced on the Interim
CAD/CAM Systeam should have fewer errors because of the
reduced opportunity for the human element to make <then.
Conversion of the errcr rate as a maasure of accuracy to the
coamon denominator of time is accosplished by taking the
time spent correcting errors using manual technigues and
subtracting from that the time spent correcting errors using
the Interim CAD/CAN Systen.

4. Zrapsferability

The fourth element in CAD/CAM productivity deals
with the mass storage and retrieval aspects of an Interin
CAD/CAN Systea. Present technology storage systems usually
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involve cataloging scme sort of aicrofors. Preparation of
this microform is usually done at the user site. Then, it
is shipped to the storage facility. Present technolcgy
cffers a variety of ways of transferring a digital data base
to a storage facility. The data can be read to a magnetic
tape or optical disk and shipped, or a direct link from the
user's computer to the storage computer via satellite or
rhone line can be established and the data passed. This
method affords the orportunity of real-time updatirg, <+hus
bypassing the problem of the archiva maintaining the correct
revision of the design.

S. Automization

The fifth key element “can be quantified as the
difference betwveen the time taken to generate a numerical
control tape using sanual methods and the time taken to
generate a numerical control tape using an 1Interim CAD/CANM
Systea. Both times should reflect programaming, validation
and run times to capture the <time benefit gained by optimal
cutter path routing.

6. Sisulation

The sixth key element can be quantified as the
difference in <the time required ¢to Jdesignm, construct and
utilize 3-D models or mock-ups for installation and general
configuraticn analysis, and the time to design, construct
and utilize the same configuration digitally on the Interin
CAD/CAHN Systea.

Present nmanual methods of configuration analysis
involve the dockside creation of £full scale wood mock-ups
followed by insertion of the various newv components to check
if they can be installed as desired. The CAD/CAM systeas
ability to generate 3-D models provides a tool to simulate
the environment and the component insertion without <full
scale mock-up construction.
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Quarntifying these six key elements in the generic
sodel is accomplished by quantifying each element ipdividu-
ally and then simply sumaing to get the total benefit from a
given project. The first element is represented by equatior
5. 3:

TB,= (My-MA)-((S, - SA)E,) (eqn 5.3)

where
TB, =Total benefit froa the gualjity element,

M,=Estizmate of the ime spgnt, on a roject usin
1 lanuai techniques in purePSQsign, P33 9

!Aaggghgl;gzg' of alternatives axplored using manual

S, =The time required to complete pure desi asrects
‘:of the projegt. : P P esi9n F

SA=The nuaber of alternatives explored on the CAD/CAM
systea, and

B, =The neasure of user efficienc in pure desi on
1 the system (0SE<1.0). ney P “gn
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Y. To represent the remaining elements the generic framework is
sinply subscripted (ist):

S, TB, = M, - (si -E,) (egn 5.4)

2: Plexibility
3: Accuracy
4: Transferability
S: Automization
6: Siamulation
TB; =Total benefit frcs the ith element,

M; =Estinate 5f the time spent on a project using manual
' tcchnzques in element i gctivity. proj g

y *  S; =The tinme teaui:ed to complete element i activity of the
1 project, an
§

E; =The measure 8f gger efficiency in eleament i activity on

Adding across the elements provides the total

-2 project benefit, (TPE):
3
» TPB = ZTB] (eqn 5.5)
& : alli
3
%
A data reduction scheme showing the subsets is shown by
b Pigure S.4.
R
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It can be seen that productivity ratios can be
developed for each elemental activity as well as the aggre-
gate ratio for the entire project. This provides a manage-
ment tool for monitcring productivity in each project as
well as the much needed (Ref. 16: pp. 1] verificatioa of
+he vendcrs' claims tc productivity gains available from the
CAD/CAN systea. This ratio can then be used in stardard
economic analysis procedures to estimate dollar-savings, and
hence re*turn on investment, payback periods, etc., required
in the acquisition process.

A possible embellishment of the model would be the
inclusion of an estimate on the standard deviation of A,
wvhich is the estimate of the total project time using manual
techniques. This can be accomplished by taking the differ-
ence of the ninety-fifth percentils estimate and the fifth
percentile estimate of the time required for the project,
and dividing it by 3.2 [Ref. 21]. This will give a rough
cut at <the standard deviation which can be squared <o get
the variance estimate. If one ware to use *the estimated
time to accomplish the project manually, the upper estimate
(¢+1 standard deviaticn) and +the lover estimate (-1 standard
deviation) as three goints in the data reduction scheme, the
user would end up with three productivity ratios. This
represents the high, zean and low levels of productivity one
aight expect.

C. IRTABGIBLE BENEPIT ANALYSIS

Thus far ve hava attempted to quantify the first nine of
the twenty benefits listed in Table III. Those benefits and
their respective quantifying element (s) were:

1. Increased productivitg (reducel man-hours to accoaplish
task) through automation of repetitive time-ccnsuaing

tasks:
QUALITY, PLEXIBILITY, ACCURACY

2. Incgeased gro uctivity <through the ibilitz to rapidly
produce 2 design from gf%%&a% Iggne: c element designs}
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3. Increas roduct vity through the ability to rapidly
edit exist des

ALITS fLEXIBILIT!. ACCURACY
4. Increased grgductivitxrcthroggh autopated numerical

control tape or APT so 8 _co generatlon.
AUTONMIZATIO

53 0 g e A T e
6. Siﬁﬁ“‘ FER SHE L IR i I PO R LR
ana ysis; SIMULATION

7. Bette uali designs through TOvVe designer
creatfvie ;1696 b’g‘35.£§%§' chlne nter%ac I

8. gett gngnality drawings, fewer errors, more standard-

ACCURACY
9. Mo imal 1layouts (£ t atter resulting i
Te ncedpgaste and’cu+t né 1 P ern) su g in
i 07dnizaTion

Some of the benefits are only partially represented.
Por exanmple, benefit nine also includes "reduced waste,"
which is not captured by the time difference in automization
vhile reduced cutting time is. The remainder of this
chapter will be devoted to discussing the remaining benefits
in Table III.

V. Bethinkipg of Desidn, Methods

Benefit number ten, "the increasesd productivity
Tesulting from a rethinking of the way eleaments are
designed," is in reference to the use of a common engi-
neering data base, in digi<al format, ¢that can easily be
shared between design, manufacture and maintenance activi-
ties.  Design probleas can be guickly identified by manufac-
turing enginsers and easily corrected. Pleet user
suggesticns can alsc be incorporated much faster. This
interaction between designer, manufacturer and user is one
of the primary long range benefits 5f a CIDMM systea. Today
with the Interim CAD/CAM Systeam the interaction is generally
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¢onfined betweeen designer and manufacturer. However, this
is an improvement to the pravious poor state of
communication.

The quantification of rethinking design methcds
cculd be accomplished by surveying designers, manufacturers
and users as to their impressions of vhat communication
between groups is or could be 1like with the Interim CAD/CANM
Systea. Questions like, "do you see an improvement in
information flow occuring between design and manufacturing
activies resulting froam the Interim CAD/CAM equipmene?"
could be used to gather data on the expected level of infor-
mation exchange. This is a reasonable measure since user
expectations would probably tend to occur. For example, if
the users expect the system to fail, it probably will. This
is the argqument of the self-fulfilling prophecy.

2. More Efficiept Work scheduling

Benefit nuaber eleven, “the increased productivity
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in maintenance areas (rework, overhaul) through more effi-

ﬂg cient wvwork scheduling and reduction of redundant and/or
; interfering operations," refers to tha problems associated
bt with different workshops all accomplishing their work from

each individual shop's original drawings. Por example, the
air conditioning shop is tasked with installing a new
compressor in a space. To install it, <they have to cut a
hole in the deck to lcwer it into the space. They finish
installing it and wveld the deck plate back into place. One
veek later the hydraulic shop wants to put a hydraulic pump
in the space and has to also «cut a hole in the deck. This
redundant activity cculd have been avoided if both shops had
daily access to the latest changes to the space. This
access is easily accomplished through the use of a ccmaon
engineering data base. Managers would have a means of
tracking and thus coordinating the work effort.
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The quantification of more sfficient wo:k'schedulinq
could be accomplished by a survey of management to see i€
they believed having a daily view of the work proposed or in
progress vwould be useful in their scheduling tasks.
Questions like ™do you see an improvement in productivity
resulting from your ability to track or project the actual
changes cccuring in a space from your office on a daily
basis?"™ coculd be used to gather data on more efficient work
scheduling resulting from the CAD/CAM systen.

3. ZTechnical Publicatjon Changes

Benefit number twelve, "tha increased productivity
through automated technical publication and other documenta-
tion authoring and updating," deals with the Interim CAD/CAN
Systems capability tc update fleet technical publications ir
almost real-time, instaad of the months it currently *takes,
rupdate,™ in this serse, referring to text and illustration
changes. The benefit as it would be realized with the
Interim CAD/CAM System would be the reduced time required %o
transfer the latest engineering dravings to the publishing
agency for incorporation into the appropriate reference
manuals and other technical publications. The greatest
realization of benefit would occur on the publisherst! end,
vhere they would be 2able to instantly access the digitized
dravings, edit theam fcr appropriate figure layout, and print
then. This wvould require <them to have a compatible CaAD
systes, but I subsit that 4if the digital drawings wvere
available, it would not be long before the publishing agen-
cies gaiped the ability to use that data.

Quantification of the time savings could be done as
a tangible benefit tc the Navy but would rot specifically
apply to the Naval Shipyards. What does apply, though, is
the shipyards ability to rapidly issue engineering changes
to the fleet user and begin receiving feedback <froa then.
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X Quantification of these types of benefits could be accem-
plished through survey of the users with questions like "do
you anticipate a shorter time delay in implementing design
) and engineering changes into the technical publications as a
2 result of the digitized data base ard Interim CaD/CaM
' Systea?" 1A follov-up question to see if a productivity gain
is not foreseeable with the 1Interia CAD/CAM System, but is
forseeable with the implementation of a Navy wide CAD/CAN
system could be "do you anticipate a shorter time from
design and eongineering change to technical publication
incorporation of thcse changes resulting from 2a compatible
Navy-wvide CAD/CAM capability?®

-

P33l 2
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4. Improved Accuracy in Pabrijcation

Benefit number thirteen, "better accuracy in element
fabrication resulting in reduced assembly time," deals with
the increased accuracy in fabrication and hence the improve-
sent in fit of all the parts wvhen assembled. This is almost
a quality assesment on the manufacturing side of the CAD/CAM
relationship. This could be gquantified with the tangible
generic frasework if applied to a asseably 1line type of
activity. The shipyards, however, ieal with "one of a kind®
sanufacturing and repair, requiring a wmore subjective
assessment of hov well things designed and manufactured on
the CAD/CAN systea go together.

Questions such as “have you noticed an increased
quality of fabricated parts and finished products?" followed
by "d0 you attribute this wholely or at least in part to the
imsplementation of the Interim CAD/CAM System?" Clearly the
people who are trying to fit Plate A and Plate B together
with Plate C will have an opinion on the accuracy of the
manufacture of those pieces.
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S. Befige and Isciove Hork Nethods

Benefit nuaber fourteen, "the increased manpower

available to refine and improve vork methods,® deals with
the ability of the users of the Interim CAD/CAM System to
convert their new found spare time, if any, 3into improved
work methods in areas not adaptable to CAD/CAM use, or in
areas vhere innovative application of the technology could
be beneficial. Realization of this benefit will directly
depend on the attitude of the users toward the system and
their ability to use some 9f the "spara time" for innovative
activities. Both of these elements will depend on how
manageaent has isplemented the CAD/CAM system in the work-
place. This benefit could be quantified through counting
the increase or decrease in suggestions submitted. However,
this is somevhat unreliable, and may not have any bearing on
the CAD/CAHM systea. A method <that would work for wmeasure-
sent of attitudes is again the survey of all users and
benefactors of the systen. Questions like "are <there any
vork methods that you have conteaplatad improving but have
not had the time to follow them through?* followed by "do
you think any time savings you realize would be applied to
improving <those previous 3identified work methods?vw, and
finally, vith an explanation, "if not, why not?" Here you
would bave an indication of a desirs to change something for
the better, an indication of time savings resulting from the
CAD/CAHM system, an indication of management's implementation
policies, and, £inally, an indication of exactly what the
problea with management of the assets might be.

Care should be exercised in quantifying this benefit
+0 avoid double counting the time savings. This time savings
has been previously identified as a tangible benefit. The
savings identified in this section would have to be
subtracted from the savings previously defined in equations
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o S.1 through 5.4, befcre reporting the total time savings
X resulting from the CAD/CAM systen. An alternate way to

resolve this double ccunting conflict would be to assume the
R0 S tise spent refining and improving wvork methods usirg manual
design and manufacturing technigues would be the same as the
time spent using a CAD/CAM systen. Since they are assumed
equal, the benefit woculd not be time savings, but would be
sg the contribution of “better" work methods brought about by
< the use of a "better®™ tool, the CAD/CAM systea, with vhich

Ff 40 analyze the existing work methods. Just as one can build
% a house with an axe, a "better" house can be built using
2; pover tocls. The new tools aid in the definition of the new
l‘g sethods that result in a "better" house.
: 6. compunicatiopsCohegiveness |

?% Benefit nusber fifteen, iaproved communication in
is ) the organization which results in organizational cohesive-
' ness deals with the improved communication and interaction
;ﬁ of the design, manufacturing and maintenance users much as
fﬁ | benefit nusber four 4did, but this <time the benefit <to be

seasured is not the free exchange of ideas but the user
satisfaction vhich 1leads to organizational unity and cohe-
siveness. As it aprlies to the Interim CAD/CAM System, ve
could seek to measure the Jjob satisfaction generated by a
reduction in frustration caused by "everyone pot working on
the same plan." This also relates to benefits reaped from
inprovesents in work scheduling, nuaber six.

G A

RB Quantificaticn of job satisfaction is a major topic
e
Fﬁ in nmany practical psychology books and is sometinmes

addressed under the subheadings "teamwork"™ and "morale."
AT Dopico (Ref. 17: pp. 48, 51] develops a nuaber o0f questions
under both headings <that gives an indication of the user's
feelings about his satisfaction with the organization and
his role as a user of the CAD/CAN systeam.




[
J&J

Y

-

AR R R N A A P N A AL A M R R A
~

.

\

s

<2

4 7. Engimeering Data-base for Life-Cycle Mapagement

A

f’ Benefit number sixteen, “establishment of a comamon
" engineering data base for use in construction and management
*; of ships over their lifetimes," dsals with <the long-range

s Ay
g R

benefits to be derived from a coamon engineering data base
. created at initial design, utilized in construction, <rework
and overhaul, and day to day maintanance on the ships. This
benefit is ths cornerstone of the CTIDMM concept but is also
applicable now as the Navy begins to use CAD/CAM in its
initial design efforts. This is a subjectiv2s assessment of

u‘ota‘_“‘;\

Aj future benefits perceived as accruing from this digital data
i base made possible by CAD/CAM. This would include things
”; such as increased readiness through shortened overhaul tinme.
i There is a problem here though, in that those most capable
‘j of assessing the benefit of a coamon data base e.qg.,
ﬁ Shipyard Coamanders, or Fleet Commanders, =may not be versed
3 in the capabilities of the CAD/CAM systea, while those well
versed in CAD/CAM's capabilities are not versed in the
3 effect of, say, a 20% reduction in overhaul time on fleet
ﬁ readiness. With a little 3imagination though, I think ques-
3: tions could be developed that when posad to both groups, the
fleat benefactors and the Shipyard CAD/CAM users, could be
X subjectively analyzed to give an indication of these types
? of benefits (readiness just being one exaaple).
Y
-~ 8. Quality of Epgineering Persomgel
‘f Benefit number seventeen, “attracting and main-
i taining guality engineering personnsl," deals with the
xﬁ benefits accrued from maintaining a trained engineering
: vorkfcrce as vell as attracting new personnel. In the U.S.
}i today, there is a shortage of engineering personnel.
:2 "Colleges and universities are not training enough new grad-
45 uates in the needed time frame" [Ref. 3: pp. 89). With the
X
N
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engineering 3Jjob market as competitive as it 4is and the
governsent's traditicnally 1lowv pay, U.S. Naval Shipyazds
vill not stand a chance at any of the ®"best and the
brightest” engineers unless they can offer an opportunity to
vork with the latest technology in the engineering sciences.
A more troubling aspect of the problem, is the retention of
qualified rersonnel who have developed an expertise in U.S.
Naval Ship design, ccnstruction, repair and overhaul. The
u.S. Navy sisply cannot afford to loose this cadre of
personnel. This is not to imply that making the commitment
to CAD/CAN will ensure a steady stream of engineers, or the
retention of existing personnel, but I think it is one of
the most important and most overlooked benefits associated
with CaAD/CAA.

Quantification of the benefit is again through a
survey of all the users. Questions like "is it important to
you to work for an organization that is a leader in your
technical field?", cr "is (wvas) the Navy's involvement in
CAD/CAN a factor in your decision to stay with (or to 3join)
the U.S. Naval sShipyard Enqineering force?® would give some
indication as to howvw important, fros a human resource point
of vievw, it is for the Navy to pursue CAD/CANM.

D. OTHER BENEFIIS

This section deals wvwith the remaining henefits from
Table III that 4o not seem to fit into the tangible measure-
ment framework, or the intangible survey framework. Each
bensfit will be discussed and an appropriate gquantification
method suggested.

1. Beduced Naterial Hagtes

This benefit deals with the reduction of waste
material generated frcs flat pattern cut-outs. The use of
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pattern layout optisization prograas and rnumerically
controlled flame cutting techniques should reduce the amount
of scrap produced. Quantification is relatively easy, by
measuring the asount of vaste material generated. This
amount can be converted to a “percent waste™ which can be
compared to previous waste data for an indication of waste
reduction.

2. bapeeuersiorkioad Elyctuations

The next benefit discussed 1eals with the proverbial
problem of “crisis manageaent®--the probleas of unantici-
pated vork associated with impossible deadlines. The result
of this unanticipated tasking is a lot of overtime labor and
nfaraing-out® of projects that cannot be accomplished inter-
nally. A reduction in overtime would save money as would a
reduction ir the nuaber of farsm-outs.

Quantification of the benefit can be accomplished by
counting the number and cost c¢f the projects farmed out as
well as the amount of overtime being generated. The cost of
fara-outs will have to beé corrected to some base year
dollars, but once that is done it wvill give ar indicator in
dollars of improvements in farm-out reduction. A useful
statistic can be found by counting the number 5f faram-outs
in a fixed time frame and then dividing that by an index
project load. An example would be faram-ocuts per year per
100 projects which wculd reflect the influence of workload
in the decision to fara-out.

3. Rapsr Elialpation

This benefit simply addresses the gain in floor
space attributable to the digital storage of drawings

instead of the current methcds. This will have the largest
effect on the archiving facilities as their current micro
foras storage is replaced by magnetic tape, hard disk, eor
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optical disk nediums. At the Shipyard level the berefit:
will also be in square-foot savings, but on a much smallaer
level. I suspect any initial savings in storage will be
offset by the space requirements of the CAD/CAM system.
Quantification, if desired, can be accomplished with a
simple relationship that yields storage space required as a
function of the number and size of the dravings to be
stored.

4. Ihe cutting Edge of ITechnology

This benefit deals with the advantages gained by an
organization, in this case the Navy, from being a leading
force in a technology. The @wmost graphic example of this
advantage comes from the civilian computer market with the
IBN Corporation. There is 1ittle doubt <¢hat IBM is a
leading force in computer technology. Because of this lead-
ership, there is a great deal of interest by smaller coapa-
nies software vendors, peripheral manufacturers, etc., to be
“IBN compatible.” IBM, through their leadership, has in
effect created the Jefacto standard that others follow.

As vas presented earlier, the U.S. Navy has a vested
interest in the CAD/CAM technology and the direction the
shipbuilding industry including repair/rewvork/overhaul is
proceeding in this ccuantry. If the Navy hopes to influence
that direction in their best interests, they will have to be
a leader in the field. The areas of the technology that
have already been identified to be in the Navy's best
interest are: (Ref. 22: pp. 20)

1. Interoperability

2. Interchangeability

3. Defacto standardization
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a) Shipyards (public and private)

x . b) Contractors
@ ¢c) Ordnance Labs
& d) MNaval academia (USNA, NPS)
" ) e) All Systams Coamands
E f) Potentially all Navy
iﬁ Quantification of this benefit cannot be accom-

plished vwith measurements or surveys as it is simply too
bl broad a concept to pin down. It must be left up to the
;3 reader at <this point to visualize <the entire technology,
fﬁ CAD/CAM today, CIDHYN tomorrow, and in his or her own mind
- realize the tremendous potential presented.
133
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I hope that in this chapter you have seen the pieces of
a naethodology designed to measure the benefits froa the
Interim CAD/CAN Systea as vell as a method that could be
extended to msasure the benefits of future developments in
the <technology. The next chapter will put the pieces
together in a formal statement of the methodology and how it
can te applied to the current shipyard environaent.
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VI. PORHAL UETHODOLOGX

e el

A. OVERVIEW

2 The preceeding chapter defined the pieces of Grahlman's
sethod. This chapter wvwill put those pieces together

ﬁ resulting in a sort of "road map® that describes how th2
; user would impleaent the amethod. As stated before, the
o method has three distinct parts:

.5 1. Tangible_ Benefit Analysis Using The Generic
3 Praiaevork

ko 2. Intangible Benefit Analysis

z*’ 3. "Other® Benefit Analysis

Bach part has its own data collection and analysis techni-
ques which will be detailed in this chapter.

ﬂ - B. TANGIBLE BENEFIT ANALYSIS USING THE GENERIC FRANEWOERK

k> 1. Data Collecticp

53 The generic model developed for quantification of
X the tangible benefits requires an estimate of the time it
= takes to accoaplish the project using manual techniques. 1In
ﬂ addition to this point, estimates of <the longest (95th
, percentile) and shortest (5th percentile) possible times are
¥ required to establish an approximation of the standard devi-

ation of the original estimate. These estimates should be
nade Lty the person most familiar with the project require-
sents and most familiar with the time required to accoamplish
the project using manual techniques. This person is most
likely the shop supervisor. An alternative to <this esti-
mating wmethod would be to use the Computer-iAided Time
Standards Systea, vhich is designed around the the Defanse
fork HNeasureaent Standard Time Data (DWNSTD) (Ref, 23).
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This contains time estimates for accomplishing various
tasks. A total project estimate could be determinad by
combining the estimates of its composite tasks. + is this
authors belief though, that <the shop supervisor's estimate
vould be more accurate. Unfortunately, no data currently
exists tc substantiate that belief.

Purther refinement of the productivity information
into the six key areas identified would require ¢the indi-
vidual users to make their own estimates of the time
required to accomplish the particular task manually. Bigh
and low estisates could also be mads and standard deviations
computed. '

Either method of estisating the manual time could be
used depending on the user's goals for the benefit analysis.
For the NMarch 1984 Naval Nateriel Command Report, <the first
method is probably adequate. Actual collection of the time
estimates in either case could be accoaplished automatically
by responding to programmed query by the system at log-on or
by a data collection form that would accompany each project.

Collecting the actual systea time required to
coaplete the project can he done automatically within the
systen. When a user logs onto the system, the project and
pature of the session, e.g., error checking and correcting,
can be réecorded providing a means 5f collecting data under
the heading "Accuracy." At log-off, tha system can
automatically perfora the required accounting
of user/project/subset information. Again, the subset
inforsation is nice to have, but not essential t> the actual
productivity measuremsent. Thus far, we have the four pieces
of data required to use the data reduction scheme for deter-
sining tke uncorrected time savings per project. Use of the
data reduction scheme will be dJdetailed in the next

subsection.
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To determine the corrected time savings, a user
efficiency factor must be determined. This is accomplished
with tha wuser learning curve data supplied by the vendor.
In the case of the Interim CAD/CAM System, that wculd be
Computervision. In ay research I wvwas unable tc obtain
specific data upon which Coaputervision based their CAD
systes learning curve, Pigure 6.1 [Ref. 24]. Although not
accurate enough to Le used, it shows the general shape of
CAD/CAM learning curves. As shown in the figure, operator
skill (efficiency) is a function of experience (tiame) on the
systea. This relationship can be described mathematically
and once determined, can be used to compute the desired
efficiency correction factor. Collection of *his data can
either be done manually with the project data shee+ or
automatically by the system.

2. Analysig

Analysis of the time data is accomplished through
the data reduction schemes previocusly shown. The first
scheme discussed is shown in Fiqure 5.3. In it, <the time
spent on a2 project rer week per usar is tracked across the
duration of the project. Also available, but not required
for the computation of time saved, is system utilization
data. At any stage cf the project the time spent per user
can be computed by summing that user's account on the
project to date. To compute the corrected time spent, each
veak's time must be nmultiplied by the applicable efficiency
factor, in rarentheses, before summing across the weeks for
each user.

Now, assume that the shop supervisor is the person
estimating the manual tinmes. To compute an estimate of ¢he
standard deviation of the supervisor's estimate, the 95th
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§§ percentile is subtracted from the 5th percentile and divided
ii by 3.2 as previously discussed in Chapter 5. The total
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systeam time required for the project is found by sumaing
across all the users. This is then subtracted from the
estimated time to complete the project using marual techni-
ques, Yielding a total time savings for the project and an
estimate of its accuracy.

At this point, similiar projects are grouped into
application areas such as 2-D drafting, piping, etc. The
total time savings rper applicatison is found by summing
across all the projects in the group. To obtain an estimate
of the standard deviation of this total time savings, the
standard deviations of each project are squared then summed
(the variance of a sum is the sum of the variances assuaing
indspendence). This sum is converted back into a standard
deviation by taking its square root. This technigque can be
applied to get the total time savings by susmaing all the
projects instead of by application group, if desired.

The second scheme includes the subsets and is shown
in Pigure 5.4. Data reduction is essentially the sanme,
except each user has potentially six subset accounts that
must be tracked. If the user is 2stimating his own manual
times, each subset will have an associated standard devia-
tion estimate., The subsets are then summed across the users
to get a +total system time per subset. In this wvay, the
result is a total time savings per subset per project. From
either time savings (subdivided or not) productivity ratios
can be cosputed vhich could be useful in future econoaic
analysis involving CAD/CAM in the shipyard environment.
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C. INTANGIBLE BENEPFIT ANALYSIS

1. Data Collection and Analysis

The intangible benefit data is collected from the
results ¢f a questicnaire customized to the shipyard envi-
ronment. The questions generated should cover the benefi:
areas discussed in Chapter S5S. The perceptions of the
benafits will differ with different groups of people. The
questions are grouped using the cluster analysis techniques
described in Chapter 5 and Dopico [Ref. 17]. Oonce the
groups have been formed and the 1leftover "other" benefit
catagories identified, analysis of the results can begin.
This analysis consists of submitting the raw data to a
boxplot routine which computes the aedian and quartiles.
This information is then displayed on a system comparison
plot sisiliar to that found in Pigure 4.3.

D. “OTHER"™ BENEFIT ANALYSIS

1. Data Collection and Analysis

a. Tangible Benefits WNot-Quantifiable Using the
Generic PFramework

Data for <these benefits should b2 available
through <the appropriate accounting branches. This data
should be collected and analyzed to determine if arny reduc-
tion 1in wvaste material, farm-outs or overtime in their
respective areas could be attributable to the Interia
CAD/CAM Systes.

b. Non-Quantifiable and Intangible Benafits

Data collection has already been accomplished
through the gquesticnaire. Analysis of this data will
consist of computing the means and standard deviations of
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the saaples, each question representing a saaple. These
P statistics and their contribution to the benefits they
describe should be thoroughly discussed.

XL,
’

E: At this point in the overall benefit analysis,
XN the user of the methodology could discuss 3any benefits not
Y
-2 previously discussed. This will generally be in thes form of
_ ' subjective logical argument.
%
o8
159 E. SUBHARY
I

A summary of the methodology is presented as a flowchart
o shown in Pigure 6.2. It is the hope of this author that the
b methcdology presented will establish a useful framework for
f@ the systematic and thorough benefit analysis of not only the
: Interim CAD/CAM System but also future systeas catagorized
&' under the acronya CIDHNN.
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